(See [Figure 1](#f0005){ref-type="fig"}, [Figure 2](#f0010){ref-type="fig"}, [Figure 3](#f0015){ref-type="fig"} .)Figure 1Influenza activity in the 2019--2020 epidemic season.(a) All testing samples and the number of influenza-positive samples from mid-November 2019 to mid-March 2020 in China are shown with blue and red bars. The positive rate is shown with a green line. (b) The positive rates for mainland China, southern China and northern China are shown with full lines, dashed lines and dotted lines, respectively. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)Figure 1Figure 2Positive rates of influenza in recent influenza seasons in mainland China.The influenza-positive rates in Mainland China during the 2016--2017, 2017--2018, 2018--2019 and 2019--2020 influenza seasons.Figure 2Figure 3Positive rates of different lineages in recent influenza seasons in mainland China.The positive rates of subtype H3N2, H1N1 and lineage B during the 2019--2020 (a), 2018--2019 (b), 2017--2018 (c) and 2016--2017 (d) influenza seasons are shown with blue, red and green lines, respectively. Meanwhile, the positive rates for southern China and northern China are shown with dashed lines and dotted lines, respectively. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)Figure 3

Coronavirus disease 2019 (COVID-19) has been prevalent in China since the end of 2019 \[1\]. By May 19th, COVID-19 had spread worldwide, with a total of almost five million confirmed cases \[2\]. During the spread of the SARS-CoV-2 virus in China, the Chinese Government established several measures to prevent the spread of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), such as the establishment of a cordon sanitaire in Hubei Province, strict controls on travel, the quarantine of suspected cases and those in contact with confirmed cases \[3\]. Chinese people have also taken measures such as wearing a mask, washing hands frequently, and maintaining social distancing. Those interventions have been suggested useful in mitigating the spread of COVID-19 \[4, 5\].How this COVID-19 outbreak and the related unprecedented measures influence other infectious diseases, such as influenza, remains unknown. In this work, we collected the influenza-positive rate from the tested ILI cases in China in the 2019--2020 influenza season and compared the results with those from previous influenza seasons to evaluate how COVID-19 and the following measures influenced influenza activity.

We collected surveillance data from the Chinese National Influenza Center website \[6\], including all the testing samples and the number of influenza-positive samples (Figure 1(a)). The total sample number decreased sharply since late January, which may have been due to the great need for COVID-19 testing. The overall positive number gradually reduced from the beginning of January and reached a shallow level in March. To fairly evaluate the prevalence of influenza, we mapped the positive rate, as shown in Figure 1(a) with a green line. The positive rate decreased from the beginning of 2020, approaching zero in March. We further calculated the positive rates for southern and northern China separately, as shown in Figure 1(b), to have found similar decreasing trends.

To evaluate the difference between regular influenza seasons and the influenza season under the COVID-19 outbreak, we collected surveillance data of 2016--2017, 2017--2018, and 2018--2019 seasons from the Chinese National Influenza Center website \[6\]. After mapping the positive rates during these influenza seasons in Figure 2, it was apparent that the positive rate decreased much earlier in the 2019--2020 season than in the previous three seasons. In week 7 of 2020, the positive rate was already below 10%, while for 2016--2017, 2017--2018, and 2018--2019 seasons, the positive rates decreased to below 10% at weeks 18, 13, and 25.

Additionally, we mapped the positive rate for subtypes H3N2, H1N1, and lineage B (Figure 3(a)). Subtype H3N2 predominated from the end of 2019 to the beginning of 2020, then it rapidly decreased, beginning in the second week (Jan. 6-Jan. 12, 2020) and dropped to less than 5% by week 6. Subtype H1N1 and lineage B were at low levels during the 2019--2020 flu season and declined approximately one month later than H3N2. In southern China, subtype H3N2 and lineage B predominated, and the positive rate of H3N2 was higher than that of lineage B from November 2019 to mid-January 2020. Then, beginning in late January 2020, lineage B dominated and declined to start in February. In northern China, subtype H3N2 dominated in the 2019--2020 flu season and tended to startat the beginning of the year, and subtype H1N1 and lineage B were at shallow levels and declined to start in February. In the 2018--2019 influenza season (Figure 3(b)), H1N1 predominated from November 2018 to early March 2019. After H1N1 declined to a low level, influenza B arose and predominated beginning in late March and declined to be below 10% in June. Influenza H3N2 was also mild in China during this season. In the 2017--2018 influenza season (Figure 3(c)), lineage B arose quickly in the beginning, while H1N1 exceeded and became predominant beginning in late January 2018. H3N2 was mild in the 2017--2018 season, with a positive rate of no more than 10% in both southern and northern China. In the 2016--2017 influenza season (Figure 3(d)), H3N2 predominated from the beginning to late February. After H3N2 declined to a low level, H1N1 exhibited a slight increase (mainly in northern China) and dropped soon after.

In conclusion, we have found that the influenza season ended much earlier in 2020 than in previous years. According to the China CDC Weekly Report \[7\], the confirmed cases (by date of symptom onset) of COVID-19 outside Hubei mainly arose starting in January. They reached a peak on January 27th, which is consistent with a recent work that considered different versions of the case definition \[8\], and this peak occurred soon after the cordon sanitaire was imposed in Wuhan city. For influenza, we observed a significant decline in the total testing samples for influenza beginning in late January, which may be due to the increased testing capacity for COVID-19. The positive rate somehow reflected the severity of influenza, which reached a peak in the first week of 2020 and then decreased. The positive rate for influenza exhibited a sharp decrease after interventions for COVID-19 were imposed in late January and reached a shallow level within several weeks. A similar phenomenon for influenza was also observed in Taiwan and Singapore (9, 10). For the past three seasons, after the positive rate reached its peak, there was possibly a slight decrease, but it remained at a high level for a relatively long time.

The decrease in the influenza-positive rate at the beginning of 2020 may be due to the COVID-19 outbreak or other reasons, such as the environment \[10, 11\] and the high level of herd immunity to influenza H3N2 viruses (since the positive rate always decreased when a subtype/lineage reached a relatively high level). Since January 23rd, China has undertaken public health interventions, the cordon sanitaire, and controls on travel, which also limited the transmission of influenza between districts. Meanwhile, the Chinese people are taking self-protection measures such as wearing masks, washing hands frequently, and staying at home. These prophylactic measures also significantly reduced the transmission of influenza and made this flu season reach a low status much earlier than regular seasons.

Some previous studies have focused on the theory of the interactions between different viruses \[12, 13\]. Due to data limitations, we could not infer how the circulation of COVID-19 influenced influenza transmission in detail. Still, it is worth studying since they might co-circulate in the coming seasons. For influenza, once a lineage/subtype reaches the peak and then declines, the other lineage/subtype might soon arise. Whether there will be a similar phenomenon for the co-circulation of influenza and COVID-19 remains unknown.

As COVID-19 seems unlikely to disappear and might circulate with influenza in the following years, biosafety measures, including self-protection and public governance, will likely be taken for a long time and may change the circulation characteristics of seasonal influenza. For example, a low positive rate and early ending (and possibly a late start) of influenza seasons may occur, which may lead to reduced mortality, social and financial losses.
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